Background and Purpose-To develop recommendations for the establishment of comprehensive stroke centers capable of delivering the full spectrum of care to seriously ill patients with stroke and cerebrovascular disease. Recommenda tions were developed by members of the Brain Attack Coalition (BAC), which is a multidisciplinary group of members from major professional organizations involved with the care of patients with stroke and cerebrovascular disease. Summary of Review-A comprehensive literature search was conducted from 1966 through December 2004 using Medline and Pub Med. Articles with information about clinical trials, meta-analyses, care guidelines, scientific guidelines, and other relevant clinical and research reports were examined and graded using established evidence-based medicine approaches for therapeutic and diagnostic modalities. Evidence was also obtained from a questionnaire survey sent to leaders in cerebrovascular disease. Members of BAC reviewed literature related to their field and graded the scientific evidence on the various diagnostic and treatment modalities for stroke. Input was obtained from the organizations represented by BAC. BAC met on several occasions to review each specific recommendation and reach a consensus about its importance in light of other medical, logistical, and financial factors. Conclusions-There are a number of key areas supported by evidence-based medicine that are important for a comprehensive stroke center and its ability to deliver the wide variety of specialized care needed by patients with serious cerebrovascular disease. These areas include: (1) health care personnel with specific expertise in a number of disciplines, including neurosurgery and vascular neurology; (2) advanced neuroimaging capabilities such as MRI and various types of cerebral angiography; (3) surgical and endovascular techniques, including clipping and coiling of intracranial aneurysms, carotid endarterectomy, and intra-arterial thrombolytic therapy; and (4) other specific infrastructure and programmatic elements such as an intensive care unit and a stroke registry. Integration of these elements into a coordinated hospital-based program or system is likely to improve outcomes of patients with strokes and complex cerebrovascular disease who require the services of a comprehensive stroke center. (Stroke. 2005;36:1597-1618.)
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In 2000, the Brain Attack Coalition (BAC) discussed the concept of stroke centers and proposed 2 types of centers: primary and comprehensive. 3 A primary stroke center (PSC) has the necessary staffing, infrastructure, and programs to stabilize and treat most acute stroke patients. Details about specific elements of a PSC have been published previously. 3 Efforts are now under way to credential facilities as PSCs. 4 Several dozen hospitals have either been certified as PSCs or are going through a certification process. Although PSCs provide stroke patients with high-quality care, some patients with complex stroke types, severe deficits, or multiorgan disease may require and benefit from specialized care and technological resources not available in a typical PSC. Such patients often require advanced diagnostic and treatment procedures directed by specially trained physicians and other health care professionals.
A comprehensive stroke center (CSC) is defined as a facility or system with the necessary personnel, infrastruc ture, expertise, and programs to diagnose and treat stroke patients who require a high intensity of medical and surgical care, specialized tests, or interventional therapies. The types of patients who might use and benefit from a CSC include (but are not limited to) patients with large ischemic strokes or hemorrhagic strokes, those with strokes from unusual etiolo gies or requiring specialized testing or therapies, or those requiring multispecialty management. Additional functions of a CSC would be to act as a resource center for other facilities in their region, such as PSCs. This might include providing expertise about managing particular cases, offering guidance for triage of patients, making diagnostic tests or treatments available to patients treated initially at a PSC, and being an educational resource for other hospitals and health care professionals in a city or region.
In an effort to provide guidance to health care profession als, hospitals, and administrators, BAC has established rec ommendations for the development of a CSC or system. The purposes of this article are to present the key components of a CSC or system and outline how each element of a CSC can be met and documented. These recommendations should be viewed with some flexibility so that individual facilities and health care systems may develop their own CSC criteria on the basis of these recommendations, yet modified to address and meet local practices and preferences. The designation of a PSC versus a CSC does not imply a difference in the quality of care, which is expected to be high at both types of centers. As this document is circulated and discussed, BAC antici pates further refinements and improvements that will meet the needs of patients, health care providers, hospitals, and health care systems.
Methods
Five processes were used for the development of the CSC recommen dations: (1) a comprehensive literature review, (2) a questionnaire survey of stroke thought leaders, (3) input from the professional organizations represented by BAC, (4) grading of published medical evidence for treatments and diagnostic tests, and (5) group consensus of the BAC executive committee. The literature review was conducted using the Medline database and Pub Med from 1966 to December 2004. English language articles that focused on various tests, techniques, expertise, or programs related to the care of stroke patients were reviewed and evaluated. Meta-analyses, consensus statements, practice guidelines, and position articles were also reviewed. Some components such as personnel and staffing are not easily graded using evidencebased medicine protocols. In such cases, the other methods listed above were used to formulate recommendations.
Members of the executive committee of BAC were asked to query their parent organizations for guidance about the essential elements for a CSC. Their specific recommendations were considered for inclusion into this document. The questionnaire survey consisted of 40 questions dealing with various potential elements of a CSC. It was mailed to 160 stroke program directors and other physicians with interest and expertise in stroke care (ie, vascular neurosurgeons, neurologists, emergency department [ED] physicians). Respondents were asked to rank each element on a scale of 1 to 5 (least important to most important) in terms of importance for the care of stroke patients in a CSC and to indicate whether their hospital had each element.
Where appropriate, standard evidence-based medicine assessment criteria were used to grade recommendations for various therapies used at a CSC (Table 1) . 5 For diagnostic testing, we evaluated the evidence using criteria developed recently for assessing the utility of cerebral perfusion techniques (with some modifications). 6 Responses from the questionnaire cited above were used when appropriate. Finally, BAC executive committee members met on several occa sions in person and via teleconference to review and refine the list of elements for a CSC and to develop suggestions for how each component could be documented. Association (AHA) (4) a clinician who diagnoses and treats :50 patients with cerebrovascular disease annually; (5) a clinician with :10 peer-reviewed publications dealing with cerebrovascular disease, (6) a clinician with :12 continuing medical education (CME) credits each year in areas directly related to cerebrovascular disease, and (7) other criteria as determined by the local health care system. The center director or his/her designee should be available 24 hours per day, 7 days per week (24/7) to provide leadership and deal with difficult medical, logistical, and administrative issues. It is expected that in most cases, the center director would be involved in the assessment of patients and provide consultative advice to other treating physicians. It is recommended that :1 other physicians with expertise in cerebrovascular disease also be on staff so that continuous 24/7 coverage can be assured. A CSC should have :1 neurologists (preferably with fellowship training in vas cular neurology). Published observational studies have shown that stroke patients cared for by neurologists have improved outcomes compared with care by other physicians (level IIIC). 7, 8 Such physicians should be available within 20 minutes to answer emergency calls by phone and be available in-house within 45 minutes if needed. The need for a neurosurgeon is discussed below.
Many patients cared for in a CSC will have hemorrhagic strokes and require care in an intensive care unit (ICU). Physicians with training in critical care medicine or neuro critical care should be part of the CSC to manage these patients in the ICU or neuroscience ICU. 9, 10 Such personnel would typically be a board-eligible or board-certified neurol ogist, neurosurgeon, anesthesiologist, or internist who has completed either a critical care fellowship or neurocritical care fellowship. It is recommended that these clinicians care for :20 patients with acute strokes per year and attend :4 hours per year of CME activities (or similar educational programs) related to or focused on cerebrovascular disease.
Although it is difficult to quantify the quality of nursing care, the consensus of BAC and other practitioners is that high-quality nursing care is a key factor in determining patient outcomes after a stroke. The majority of nurses caring for stroke patients in an ICU, stroke unit, and ward should be registered nurses. All nurses in a CSC should be familiar with standard neurologic assessments and scales, stroke protocols, care maps, ongoing research projects, and new patient care techniques related to stroke. Nurses caring primarily for stroke patients should attend training sessions sponsored by the CSC (ie, in services, seminars, specialized lectures) :3 times per year. Such nurses should participate in :10 hours of continuing education units (CEUs) activities (or other educational programs) annually that are related to or focused on cerebrovascular disease. Each nurse should have a file that documents his/her participation in the above activities. It is suggested that each CSC nurse (stroke unit or ICU) attend :1 national or regional meeting every other year that focuses on some aspect of cerebrovascular disease.
An APN is a vital team member involved in several important aspects of a CSC such as patient care, care maps, research activities, stroke registries, educational programs, and quality assurance. 11 The designation of APN could include a nurse practitioner, master's-prepared clinical nurse specialist, or American Board of Neuroscience Nursescertified nurse. It is recommended that a CSC have :1 APN (or similar personnel) to implement and coordinate the programs outlined below. This recommendation is supported by BAC as well as the survey results.
It is vital that the CSC staff be fully integrated with EMS personnel and ED staff. EMS and ED personnel should be very familiar with the diagnosis and treatment of patients with cerebrovascular disease. Several studies have docu-
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mented the importance of the EMS system and ED personnel focus on cerebrovascular disease. Ideally, the ED physicians for the rapid identification and transportation of stroke and should be board certified. They should meet with the CSC patients and the initiation of therapy. [12] [13] [14] [15] [16] EMS and ED director at least semiannually and review care issues. Other personnel should attend initial and ongoing educational proaspects of the integration of the ED/EMS personnel with a grams (ie, in services, CME programs, grand rounds) that stroke center are reviewed in the PSC recommendations. 3
TABLE 3. Use of CSC Components in Various Patient Populations
Rehabilitation assessments and treatments (physical ther apy, occupational therapy, and speech therapy) are an impor tant component of acute care and long-term recovery and should begin soon after the patient is admitted and stabi lized. 17, 18 Below is a more complete discussion of the personnel recommendations for rehabilitation. Expertise in assessing swallowing function is an important element of a CSC because of high rates of dysphagia in stroke patients (up to 50%) and a risk of aspiration pneumonia. 19, 20 These assessments are often performed by a specially trained speech therapist or otolaryngologist, although nurses and others can perform some swallowing evaluations. 21 Case managers and social workers who have experience dealing with stroke patients and their families/caregivers are an invaluable re source. It is recommended that a CSC have :1 case manager or social worker on staff to provide coverage for patients in need of his/her services.
Much of what distinguishes a CSC from other facilities is expertise and infrastructure in 3 key areas: diagnostic radiol ogy, endovascular therapy, and surgery. These areas are vital in the management of patients with large ischemic strokes and hemorrhagic strokes, and they are discussed below in detail. There is a separate section that reviews recommenda tions for rehabilitation.
Diagnostic Imaging: Techniques and Personnel
Patients in a CSC need accurate imaging of the brain and related vasculature and physiological evaluation regarding the effects of cerebral ischemia and hemorrhage. Appropriate computed tomographic resources are a prerequisite for being a PSC, the recommendations for which are not repeated. 3 This section details the recommendations for other imaging and related techniques.
MRI and Related Techniques
The contrast resolution of MRI is significantly higher than computed tomography (CT), making it far more sensitive than CT for detecting the often subtle abnormalities seen in early cerebral ischemia and other conditions. 22, 23, 24 Numerous studies have clearly demonstrated the superiority of MRI for detecting acute ischemia (especially in the posterior fossa) as well as other processes that can present with stroke-like symptoms (grade IA). 5, [25] [26] [27] [28] Basic MRI at a CSC must be available on a 24/7 basis, even if personnel are called in from home. An MRI should be completed within 2 hours of the test being ordered at a CSC.
Diffusion-weighted MRI (DWI) is very sensitive for de tecting cerebral ischemia within minutes after its onset, far exceeding any other imaging method available today. 29, 30 Calculation of the apparent diffusion coefficient is important to confirm that a diffusion abnormality is attributable to ischemia. 31 DWI detects >90% of acute ischemic lesions in the brain. 27, [32] [33] [34] Patterns of stroke seen with DWI may also provide important information about stroke mechanism. 35 Although results of DWI may not affect outcome, it is a valuable diagnostic tool and should be part of the evaluation of patients with an acute ischemic stroke (grade IA). 36, 37, 38 It should be performed as part of a standard MRI, with the same time requirements.
Magnetic resonance (MR) perfusion provides valuable information about blood flow in specific brain regions and vascular territories. It can be useful in determining the size of a perfusion deficit and identifying brain tissue that may be ischemic but not infarcted. 39 MR perfusion defects may correlate with clinical outcomes. 40 However, the clinical utility of MR perfusion for guiding therapy or affecting outcome has not been documented by large prospective trials; therefore, it is considered an optional element of a CSC (grade IIB). 6, 37, 38 MR angiography (MRA) is an effective and noninvasive technique for visualizing abnormalities of the extracranial and the intracranial cerebral circulation. The overall sensitiv ity and specificity of MRA for extracranial carotid disease is 82% to 86% and 98%, respectively. 24, 41 MRA is more sensitive than U/S alone for diagnosing high-grade extracra nial carotid stenosis. 42 Its accuracy for detecting significant high-grade extracranial vascular disease in some cases (par ticularly elliptic centric contrast MRA) approaches that of catheter-based digital angiography (CA), considered to be the
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"gold standard," with a sensitivity of 97% and a specificity of 95% (grade IA). 43 The use of intravenously injected contrast material has further increased the accuracy, spatial resolution, and reproducibility of MRA. [43] [44] [45] [46] [47] The accuracy and reproduc ibility of MRA for detecting intracranial stenoses is less. 48 The time frame for doing MRA is similar to that for a brain MRI. MRA can also be useful for detecting intracranial aneu rysms. The accuracy of this technique depends on the size of the aneurysm, the field strength of the magnet, and the type of MRA sequence used. 24 For intracranial aneurysms >5 mm, nonenhanced 3D time-of-flight MRA performed on a 1.5-T system has an accuracy of >85% relative to CA, although accuracy approaches 100% with increasing aneurysm size (grade IIB). 49 -51 MR venography (MRV) is a safe, rapid, and noninvasive technique to diagnose cerebral venous thrombosis (CVT). 52 A positive MRV can eliminate the need for invasive cerebral angiography in many cases of CVT, although false positives can occur. [53] [54] [55] Software for performing MRV is available on all current scanner systems. Because of the ability of MRV to noninvasively diagnose CVT and the wide availability of MRV, it is a recommended technique for a CSC (grade IIB).
Catheter Angiography (Grade IA) Digital subtraction angiography (DSA) represents the gold standard for the detection and characterization of cerebral aneurysms, arteriovenous malformations (AVMs), and arte riovenous fistulae (AVFs), and for measuring the exact degree of stenosis in extracranial and intracranial arteries (grade IA). 56 -59 It is the procedure of choice for evaluating the third-and fourth-order intracranial branches to make a diagnosis of a central nervous system (CNS) vasculitis. 24 Single-plane systems suffice for diagnostic uses, although biplane systems provide a shorter examination time and fewer injections. Because of the emergent nature of some of the stroke types discussed above, cerebral angiography must be available at a CSC on a 24/7 basis, with support personnel available to come in from home for a procedure within 60 minutes of being called. A CSC must demonstrate a peripro cedure stroke and death rate of <1% and an overall serious complication rate of �2% for CA. 60 CT Angiography (Grade IA) CT angiography (CTA) is a noninvasive technique that is very useful for rapidly imaging the large vessels in the neck and many first-and second-order arteries in the brain. CTA can detect vascular stenoses, acute emboli, and cerebral aneurysms with a high degree of sensitivity and specifici ty. [61] [62] [63] The spatial resolution of CTA is superior to MRA, and a "string sign" may be detected more accurately than even DSA because of its cross-sectional image acquisition and ability to detect minute amounts of contrast material. 64 In general, CTA has sensitivities and specificities of 80% to 100% for detecting high-grade extracranial lesions. 64 -66 CTA has a sensitivity of 53% to 100% and a specificity of 87% to 100% for detecting intracranial aneurysms. For aneurysms :7 mm, CTA has a sensitivity of 95% and a specificity of 98.9%. 67 Most recent studies have reported sensitivities and specificities for CTA of >90% to 95% when compared with digital angiography for the detection of aneurysms. 68 -71 In some cases, a CTA can detect an aneurysm missed by CA. 62 CTA cannot provide the same detailed cerebral hemodynamic data provided by CA, nor can it accurately image small cerebral vessels. However, because of the significant flexi bility and accuracy of CTA, particularly for patients who cannot undergo an MRA or a conventional cerebral angio gram, and its noninvasive nature, it is a recommended element for a CSC (grade IA). It is possible that in the near future, CTA might replace CA for many indications. 72 Extracranial Ultrasonography (Grade IA) Carotid U/S is relatively inexpensive, very safe, and can be used to noninvasively screen for disease and follow known disease in the extracranial carotid and vertebral arteries. It can be used in patients unable to receive contrast dyes or in whom an MRA is contraindicated (pacemaker, metal implants, etc). The sensitivity and specificity of carotid U/S can be as high as 85% to 90% for hemodynamically significant lesions at the carotid bifurcation, although it is less sensitive for disease in the vertebral arteries. 24, 41, 73 Because of its ease of use and accuracy, it is recommended that a CSC have extracranial U/S and demonstrate acceptable proficiency using guidelines established by the Intersocietal Committee for the Accredi tation of Vascular Laboratories (ICAVL) or a similar creden tialing organization.
Transcranial Doppler (Grade IA)
TCD is a safe, noninvasive, and low-cost technique for imaging the large intracranial vessels at the skull base. It is used in patients with acute cerebral ischemia for the detection of intracranial stenosis and occlusions and for the detection of vasospasm in patients with neurological deterioration after subarachnoid hemorrhage (SAH). 74 -77 For the detection of vasospasm, TCD has a sensitivity of 80% and a specificity of 95% compared with CA. 78, 79 Other studies have shown TCD to be useful for monitoring recanalization after thrombolytic therapy. 80 Based on its accuracy and importance in monitor ing patients with SAH, TCD is a recommended element of a CSC. 81 As with carotid U/S, the TCD laboratory should track their results and seek certification from ICAVL or a similar organization.
Transthoracic and Transesophageal Echocardiography (Grade IA)
Because a significant percentage of strokes are of cardioem bolic origin, cardiac imaging is an important test in most stroke patients. 5 Practice guidelines support cardiac imaging in cases of transient ischemic attack and stroke. 82 Transtho racic echocardiography (TTE) is a routine test used to image the heart for the presence of clots, valvular abnormalities, and the determination of left ventricular function and wall motion abnormalities. 83 Transesophageal echocardiography (TEE) is a highly sensitive test for detecting several cardiac and aortic lesions that may cause ischemic strokes, including thrombi in the left atrium, masses on the mitral and aortic valves, a patent foramen ovale, intra-atrial septal aneurysm, and atherothromobotic lesions in the aortic arch. 84 -89 Numerous studies have proven the increased sensitivity of TEE com pared with TTE in patients with ischemic strokes. 90 ,91 TTE and TEE must be performed and interpreted by technicians and cardiologists with training in these techniques. 92 
Tests of Cerebral Blood Flow and Metabolism
There are a variety of methodologies currently available that assess cerebral blood flow, including MR perfusion, CT perfusion, single-photon emission CT, positron emission tomography (PET), and xenon CT. 6 PET provides data about cerebral blood flow, brain metabolism, and degree of ische mia. It may be useful in some cases for guiding acute therapy (grade IIIC). 93, 94 However, sophisticated hardware is required to detect and measure these isotopes, and their production requires expensive infrastructure. All of these tests are non invasive. There is no compelling data that these tests alter management or outcomes in most patients. Some cannot be done on an emergent basis. They may be most useful at the present time as part of research protocols.
Diagnostic Radiology Personnel
A CSC must have physicians available to evaluate imaging studies 24/7. Although it is preferable that the attending physician be a fellowship-trained neuroradiologist, very few institutions have an in-house fellowship-trained neuroradiolo gist on a 24/7 basis, although many have a general diagnostic radiologist available in-house 24/7. For urgent neuroimaging studies, physicians experienced in interpreting head CT and brain MRI studies must be available to read these scans within 20 minutes of their completion. The proliferation of telecommunications systems for the rapid assessment of diagnostic images makes quite feasible the requirement that an emergency CT scan or MRI is evaluated by a neuroradi ologist, general diagnostic radiologist, or other suitably trained physician in a variety of care settings within 20 minutes of scan acquisition. 95, 96 Because of the need for the performance of a CT scan within 25 minutes, there must be an in-house technologist capable of performing a CT scan and any CT-based studies. The American Society of Radiological Technologists, Amer ican Registry of Radiological Technologists, and the Joint Review Committee on Education in Radiologic Technology all have requirements for the training, testing, and certifica tion of technologists performing all types of imaging studies. A CSC must have :1 certified radiology technologist trained in CT techniques in-house on a 24/7 basis.
The requirement that a CSC will perform MRI studies on a 24/7 basis means that a qualified MR technologist must be available (but not necessarily in-house) on a 24/7 basis. The technologist may take calls from home as long as he/she can be at the hospital within 1 hour of being paged. A similar requirement applies to technologists and technicians needed to perform a cerebral angiogram. U/S and various cerebral perfusion studies are commonly elective, and the availability of technologists to perform them will vary among institutions.
Endovascular Therapy: Procedures and Personnel
Endovascular techniques and devices are being used with increasing frequency for the treatment of a variety of cere brovascular diseases. These include ablation of cerebral aneurysms, angioplasty and stenting of occlusive lesions, intracranial angioplasty for vasospasm, intra-arterial (IA) thrombolysis for acute stroke, and embolization of AVMs and AVFs.
The endovascular ablation of aneurysms is a safe and effective alternative to surgical clipping in selected patients (grade IA). Published multicenter trial results and guidelines support the use of endovascular therapy in such patients. 97, 98 A multinational trial of endovascular treatment using the Guglielmi detachable coil (GDC) versus surgical clipping of ruptured intracranial aneurysms found a 7% absolute risk reduction of death or dependency in patients treated with the GDC compared with surgery. 99 These results may not be extrapolated to all patients with all types of aneurysms. Complete aneurysm ablation may be less common with endovascular coiling than with clipping, and there may be a higher rate of early rebleeding. 100 The long-term durability of endovascular ablation versus surgical clipping remains un clear. 100 Some aneurysms appear to be better treated with an endovascular approach and others with surgical therapy. Therefore, a CSC is required to have the capability to perform microsurgical neurovascular clipping and neuroendovascular coiling.
Vasospasm is a frequent and deadly complication of an SAH. 101 Medical management such as hemodynamic therapy often fails to reverse the clinical effects of the vaso spasm. 102, 103 Catheter-directed intracerebral IA infusion of vasodilators is an important therapeutic option used routinely in some cases of vasospasm with mixed results (grade IIIC). 104 -108 Intracranial angioplasty for vasospasm has a success rate of >90% in correcting the angiographically visible vasospasm, with clinical improvement in 60% to 80% of patients (grade IIIC) 106, 109, 110 and a complication rate of 2% to 4%. 111 Although angioplasty for vasospasm has not been subjected to rigorous clinical study, it is considered very effective and is a standard therapy for severe vaso spasm. 110 -112 Because the other therapeutic options for symp tomatic vasospasm are limited and often ineffective, the ability to perform intracranial angioplasty or IA infusions of vasodilators is recommended for a CSC. If a CSC is tempo rarily unable to offer this therapy, it is recommended that protocols be developed for the rapid transfer of patients needing these treatments to a nearby facility that does offer this therapy.
IA thrombolysis involves the use of advanced angiographic techniques for the placement of a microcatheter into a cerebral vessel for the infusion of a thrombolytic drug. IA thrombolytics have increased efficacy compared with intra venous lytics for dissolving thrombi within the large arteries at the skull base, although it carries a 10% to 18% risk of symptomatic intracerebral hemorrhage (ICH) in some cas es. [113] [114] [115] [116] The use of IA lytic agents might extend the time window for therapy beyond the 3-hour requirement for intravenous thrombolysis. 114 One prospective, randomized trial of IA pro-urokinase showed a 15% absolute increase in good neurologic outcomes and a 10% rate of symptomatic ICH. 115 Other smaller case series have also found significant benefits for IA thrombolysis in stroke patients with large artery occlusions. [117] [118] [119] There is currently no fibrinolytic agent with a Food and Drug Administration (FDA) label indication for IA adminis- 127 Intrasinus lytic agents may also be efficacious in treating selected cases of CVT, although this manner 128 -132 therapy has not been studied in a rigorous (grade VC).
Carotid angioplasty and stenting (CAS) may be an option for the treatment of selected patients with symptomatic or asymptomatic carotid artery stenosis. Over the past 10 years, the technical success rate for CAS has risen to >97%, and the complication rates have fallen. 133, 134 However, there is a paucity of data from prospective, randomized studies com paring the efficacy and safety of CAS to CEA or to best current medical therapy One randomized study of 220 pa tients with symptomatic carotid artery stenosis found the 1-year stroke and vascular death rate to be higher in the stent group versus CEA group (10.4% versus 4.6%), although these differences were not statistically significant. 135 The Carotid and Vertebral Artery Transluminal Angioplasty Study (CAVATAS) compared endarterectomy with angio plasty (25% of patients also received a stent) in patients with carotid or vertebral artery stenosis. 136 Overall, there were no significant differences in major outcomes such as stroke and death. Data from a large unrandomized registry found the 1-year stroke and death rate to be 11% in the stent group, about half of whom had asymptomatic lesions. 137 A study of high surgical-risk patients found the 30-day complication rate of carotid stenting to be half that of CEA when using a distal protection device (6% versus 12%). 138 There is general agreement that CAS may be an acceptable treatment option in patients thought to be at high risk for a CEA (ie, restenosis after CEA, radiation fibrosis, fibromus cular dysplasia, surgically inaccessible stenosis, contralateral carotid disease, and significant cardiac or pulmonary dis ease). 139, 140 Stenting may also be considered in patients with arterial dissection that is unresponsive to medical therapy or in whom treatment with anticoagulation is contraindicat ed. 141, 142 Based on all of this information, stenting of ex tracranial carotid arteries for atherothrombotic disease is grade IIB and is considered an optional element of a CSC (see below). The National Institutes of Health (NIH)-sponsored multicenter CREST (Carotid Revascularization: Endarterec tomy versus Stenting) trial that is now under way will hopefully determine the relative safety and efficacy of CAS compared with CEA in patients with average surgical risk and symptomatic extracranial carotid stenosis. 143 BAC recommends that for patients with average surgical risk, such as those who would have qualified for enrollment in the North American Symptomatic Carotid Endarterectomy Trial (NASCET) and the Asymptomatic Carotid Atheroscle rosis Study (ACAS), CAS should be performed as part of a randomized clinical trial such as CREST or under a local institutional review board-approved investigational program. CAS placement should only be performed by an individual or team with training and expertise in cerebral angiography, cerebrovascular pathophysiology, hemodynamics, and neuro vascular interventions. 144, 145 Angioplasty and stenting of stenotic lesions in the intracranial circulation (including vertebral-basilar territory) is another area of great interest because of the poor outcome in patients who fail medical therapy. 146 However, there is a paucity of data from randomized controlled trials to properly evaluate this treatment approach. 147 Some studies have found 30-day complications rates of 5% to 30% and 12-month stroke and death rates of 28% to 40% for intracranial angioplasty/stenting. 148 -151 In comparison, the Warfarin-As pirin Symptomatic Intracranial Disease (WASID) study found an annual stroke rate of 15% for patients with intracranial symptomatic lesions with >50% stenosis. 152 The Stenting of Symptomatic Lesions of the Vertebral and Intracranial Arteries (SSYLVIA) trial reported a stroke and death rate of 6.6% in 30 days and a 12-month stroke and death rate of 13.2%. 153 The SSYLVIA trial resulted in FDA approval for a specific angioplasty balloon and stent for intracranial atherosclerotic stenosis. The 2 largest reported series of long-term stroke prevention for intracranial angio plasty or stenting demonstrated very low long-term stroke/ death rates of <3.5%, with >300 patient years of follow-up in 1 series and 70 patient years in the other. 151, 154 Because of the lack of data from large, prospective randomized trials, extracranial and intracranial angioplasty/stenting for cerebro vascular disease is considered an optional component for a CSC, although there are selected cases in which such tech niques may be of value (grade IVC). If a center does offer this procedure, it is recommended that cases be entered into a registry to track outcomes. It is recommended that if a CSC does not offer extracranial and intracranial angioplasty/stent ing, it has available a referral arrangement to send selected patients to another facility that does offer these interventions.
Some AVMs cannot be easily treated with conventional surgery alone. Preoperative embolization may decrease the flow sufficiently so that surgical resection is possible. 155, 156 In other cases, embolization may reduce the size of the AVM sufficiently to allow focused irradiation. 157, 158 Rarely, embo lization alone may be curative. 159 Some AVFs are treated solely with endovascular ablation techniques, whereas others might be treated with surgery alone. Occasionally, a combi nation of methods must be used. 160, 161 These techniques have not been studied in rigorous, randomized clinical trials (grade IIIC). 162, 163 A neuroendovascular specialist (eg, endovascular surgical neuroradiologist) is recommended as a necessary component of a CSC. An individual with such expertise is capable of performing extracranial and intracranial angioplasty and stenting for atherosclerosis or vasospasm as well as perform ing emergency catheter-directed IA stroke therapy. The endovascular treatment of patients with cerebral aneurysms, AVMs, and AVFs requires these specialized skills. 98 These � neuroendovascular procedures are technically and cognitively demanding and should only be performed by physicians with formal and specific training (or equivalent experience) in neurointerventional therapy, working in coordination with a multidisciplinary team. 144, 145 Specific pathways and guide lines for the training and credentialing of a neuroendovascular specialist and for carotid stenting have been published. 164 -167 In all cases, BAC recommends that the neuroendovascular special ists receive specific formal training and accrue significant experience in a procedure because past studies have shown that more experience and an increasing number of procedures reduce complication rates. 168 It is recommended that a multidisciplinary team evaluate patients before and after some of the endovascular procedures outlined above to discuss treatment options and assess for complications during and after the intervention. 169 This is important because of the emerging and changing role of endovascular approaches to disease treatment but should also be applied to some vascular surgical procedures. Other vital team members include nurses and technologists with training in endovascular procedures. A registry should be established to track treatments, outcomes, and complications. Yearly comparisons should be made between the CSC complication rate and rates reported from national surveys and guidelines.
For all of the endovascular and surgical procedures per formed at a CSC, the number, indications, and outcomes should be recorded and available for review. A quality assurance process should confirm that procedures and thera pies are performed for appropriate indications, with rates of success and complications that meet acceptable standards. The committee should define a list of appropriate indicators that would trigger automatic chart review. When case reviews find significant deviations in the standards of care, the committee should recommend corrective action through ap propriate methods.
Neurosurgery and Vascular Surgery
Some patients with an ICH, SAH, large ischemic stroke, or significant carotid disease will require surgical interventions (Table 3) . Operative procedures may include evacuation of intracerebral hematoma, clipping of an intracranial aneurysm, excision of an AVM, placement of a ventriculostomy for drainage of cerebrospinal fluid, a CEA, decompressive cra niotomy, and other procedures. 97,156,170 -172 The medical evi dence in support of these recommendations varies between levels IIB and VC depending on the specific clinical scenario, especially in the case of ICH. 170, 173, 174 Nonetheless, there are several surgical procedures important for the management of stroke patients that only a neurosurgeon can perform such as insertion of a ventriculostomy, clipping of an intracranial aneurysm, excision of an AVM, or removal of an intracere bral hematoma. Therefore, neurosurgical expertise must be available in a CSC on a 24/7 basis. The attending neurosur geons at a CSC should have expertise and experience in cerebrovascular surgery. At all times, there must be personnel in-house (or able to be at the hospital within 30 minutes) who are capable of performing emergent neurosurgical procedures and treating life-threatening intracranial conditions such as increased intracranial pressure, mass effect from a hemor rhage, etc. Such personnel may include residents or fellows in an approved neurosurgery residency training program. Such trainees must have attending-level back-up, available on a 24/7 basis, by a board-eligible or board-certified neurosur geon. Written neurosurgical call schedules must be available in the ED and hospital wards of a CSC.
A CSC must have individuals with expertise and experi ence in microsurgery for aneurysm clipping and surgical excision of AVMs. A study of in-hospital deaths after craniotomies performed for unruptured aneurysms between 1987 and 1993 in New York state hospitals revealed a 53% decrease in mortality rate in the 21 hospitals in which >10 craniotomies per year were performed, compared with the 89 hospitals in which 10 craniotomies per year were per formed (5.3% versus 11.2% mortality rate, respectively.) 175 The range for mortality and morbidity rates for surgical clipping of unruptured intracranial aneurysms is quite broad, varying from 0% to 7% for death, and 4% to 15.3% for complications. 176 A meta-analysis of 2460 patients reported a mortality rate of 2.6% and a morbidity rate of 10.9%. 177 An international study of clipping of unruptured aneurysms reports a 1-year mortality of 3.2%, a 5.8% rate of moderate or severe disability, and a 6% rate of isolated cognitive impairment. 178 For patients with SAH attributable to ruptured intracranial aneurysms, hospital volume is also strongly associated with outcomes. A study in New York state found a 43% reduction in mortality in hospitals that operated on >30 SAH/IA patients per year. 175 Another study found that hospitals that cared for :21 patients per year with aneurysmal SAH had a significantly lower mortality rate (32% versus 49%) and reduced rate of adverse outcomes (56% versus 76%) com pared with hospitals with lower volumes. 179 A recent study of 16 399 hospitalizations for SAH in 18 states found that hospitals caring for :19 patients per year with SAH had reduced mortality compared with lower volume centers. 180 Another recent study based on data from 1995 to 1999 found that hospitals with very low patient volumes for cerebral aneurysm clipping had higher mortality rates than very high-volume hospitals for emergency and elective surgeries. 181 Based on these data, it is recommended that for an institution to be considered a CSC, the institution should care for :20 SAH patients per year and should accomplish >10 craniotomies per year for aneurysm clipping (grade IA). This does not preclude lower-volume centers from having excel lent outcomes, nor does it guarantee that high-volume centers will achieve excellent results. 182, 183 Each center should mon itor its perioperative complication rates and overall outcomes for comparison with national benchmarks after correcting for various comorbidities. Each neurosurgeon should participate in :10 such cases per year. The perioperative mortality rate for aneurysm clipping at a CSC should be documented, reviewed, and compared with published outcomes. For the treatment of AVMs, individual expertise is of paramount importance in treating these complex lesions. The CSC should have the capability and expertise to provide the full spectrum of treatment options required for the treatment of � 
EMS, ED, Referral, and Triage
Perioperative mortality* <0.2% <0.7%
Perioperative stroke and death* <3% <6%
*Perioperative refers to within 30 days of surgery (see text for references).
AVMs, including microsurgical excision, endovascular em bolization, and stereotactic radiosurgery. 156 CEA can reduce the risk of stroke in patients with symptomatic and asymptomatic carotid artery stenosis (grade IA). 184 -186 A CEA is typically performed by a vascular surgeon or a neurosurgeon. Documentation of expertise in this operation is critical to ensuring its efficacy. Published recommendations for perioperative complication rates for CEA should be used as benchmarks (Table 4) . 171, 187 Results of CSC neurosurgeons and vascular surgeons should be audited on a yearly basis, and the results of a rolling average >3 years should be compared with published outcome and complication rates.
Revascularization procedures and microvascular tech niques are important options for the treatment of some ischemic disorders, and in the management of complex intracranial aneurysms. A large, prospective, randomized study of EC/IC by-pass found that this surgery was not of benefit for the management of carotid occlusion/stenosis, or middle cerebral artery occlusion/stenosis (grade I A). 188 Other neurosurgical procedures may have benefit in the management of select patients. For example, microsurgical bypass procedures are an important treatment option for a select but diverse group of other disorders, including moya moya disease, aneurysms requiring sacrifice of the parent vessel, and tumors needing vessel occlusion (grade IV C). 189 -194,199,200 -202 There has been renewed interest in these procedures for patients with symptomatic carotid occlusion. 191 Recent studies have indicated that a select group of patients with carotid occlusion in whom there is a documented alteration of cerebrovascular reserve, such as shown by an increase in the oxygen extraction fraction, have an increased risk of subsequent stroke. 196 -198 An NIH-sponsored multicenter study is currently underway to determine if superficial temporal to middle cerebral artery bypass is effective in reducing the risk of stroke in this select group of patients (http://www.clinicaltrials.gov/ct/show/ NCT00029146). 195 Based on all of these considerations, and the limited treatment options for some of these patients, it is recommended that a CSC have the ability and equipment to perform revascularization procedures and microvascular surgery (grade III C-IV C). Perioperative complications and graft patency rates should be tracked prospectively.
Neurosurgeons are needed for procedures to diagnose and treat increased intracranial pressure, including placement of an intracranial pressure transducer, placement of a ventricu lostomy, and performance of a decompressive craniectomy (grade IIB). 170, [202] [203] [204] [205] [206] [207] At a CSC, an attending neurosurgeon (or senior-level resident) must be available within 30 minutes for such procedures on a 24/7 basis. Periprocedure compli cation rates should be tracked and reviewed, and any signif icant deviations should be addressed at regular quality im provement/quality assessment (QI/QA) meetings.
Integration of acute stroke care begins with the EMS system and extends to the ED. Many of these components were reviewed in the PSC publication. 3 Written care protocols for acute stroke patients should be available to EMS and ED personnel. Such protocols should be reviewed and revised at least annually. EMS areas that should be included in such protocols include (1) rapid, efficient patient assessment and triage; (2) prehospital EMS communication with hospital staff; and (3) medical stabilization en route. Systems should be in place to allow for rapid communication between EMS and ED personnel during the transportation of acute stroke patients. 208, 209 The ED should have well-defined and -documented procedures for calling the acute stroke team, including a call schedule. The ED should have a door-to needle time of 60 minutes for the administration of intra venous tissue plasminogen activator (tPA) to stroke pa tients. 3, 210 The EMS and ED staff should meet and review patient care issues with the CSC staff at least twice per year. At least 2 specific assessment criteria and benchmarks related to acute stroke care should be defined, measured, and reviewed annually. It is recommended that the EMS and ED physicians, nurses, and paramedics attend :2 in-service programs (or equivalent educational program) annually that focus on acute stroke care.
The CSC should be viewed as a community and regional resource in the management of stroke patients. EMS and ED personnel, along with members of the stroke team, should play an active role in the triage of acute stroke patients. This might include advice about diagnostic procedures, acute therapies, and referral to an appropriate facility if transfer is required or requested. For example, personnel at a CSC should be available to health care personnel at other hospitals and provide them with guidance and recommendations about the diagnosis and treatment of specific patients. In an emer gency setting, such guidance might also include the review of radiologic studies via teleradiology techniques as well as advice about the use of acute therapies such as tPA. A CSC might also coordinate acute care within a geographic region to ensure that patients are transferred appropriately in a timely manner to the facility best suited to care for them. Several examples exist of successful regional acute triage systems for stroke patients. [211] [212] [213] [214] Whenever such communi cations occur, CSC personnel should not be legally liable, assuming that they provide prudent advice that is consistent with community medical standards.
Stroke Unit and ICU
The PSC recommendations include a discussion about the importance of a stroke unit if patients are going to be admitted to the hospital (grade IA). 3 More recent studies have gener ated additional data supporting the efficacy and costeffectiveness of stroke units. 215, 216 A recent study found that stroke patients cared for in a stroke unit with continuous cardiac telemetry monitoring were more likely to have significant cardiac arrhythmias detected compared with stroke unit patients who did not have such monitoring. 217 This observation is shared by many vascular neurologists. There-fore, we recommend that a stroke unit include continuous cardiac and respiratory monitoring when deemed clinically appropriate. ated to prevent secondary strokes and other vascular events. 230 -233 Frequent communications between and among the care team, the patient, and their family will alleviate A CSC must have a full ICU because some patients at a CSC (ie, those with large ICHs or SAHs) will require the services of a typical ICU (ie, intubation, ventilator support, peripheral artery and pulmonary artery catheters, ventriculos tomies, and use of parenteral vasoactive medications; Table  3 ). 218 -221 A dedicated neurosciences ICU, although desirable, is not required. The stroke unit may be part of the ICU, although this may not be an efficient use of ICU beds and nursing resources in some hospitals because many ischemic stroke patients do not require the costly infrastructure of an ICU.
anxiety and improve planning for poststroke care.
The ICU in a CSC should be staffed by physicians with training in cerebrovascular disease and critical care, although they may be different persons. Training in cerebrovascular disease has been defined previously. The critical care physi cians must have completed an accredited critical care fellow ship program. The ICU director should also have :8 hours per year of CME training (or equivalent educational activi ties) related to cerebrovascular disease. Formal training as a neurointensivist, although preferred, is not a requirement. Coverage by attending physicians or residents with expertise in cerebrovascular disease and critical care must be available 24/7 with a written call schedule. Such coverage may consist of a team approach, with some members from critical care medicine or anesthesiology and others from neurosurgery or neurology.
The nurse:patient ratio in an ICU caring for critically ill stroke patients should be 1:1 or 1:2. It is preferred (but not required) that nurses caring for neuroscience patients in the ICU be board certified in neuroscience nursing. The ICU nursing staff must be trained to assess neurologic function and to deal with several aspects of neurocritical care, includ ing (1) function of ventriculostomy and external ventricular drainage apparatus, (2) treatment of increased intracranial pressure, (3) care of patients with ICH and SAH, (4) care of patients after thrombolytic therapy, (5) treatment of blood pressure abnormalities with parenteral vasoactive agents, (6) management of intubated/ventilated patients, and (7) detailed neurologic assessments and scales (ie, NIH Stroke Scale and Glascow Coma Scale). Such training can be documented by attendance at in-service sessions, participation in regional or national courses, and other modalities as established by the CSC staff and hospital administration. It is recommended that nurses in the ICU caring for stroke patients receive :10 hours per year of CEU credit (or other educational programs) in areas related to cerebrovascular disease.
All stroke patients should be fully evaluated to determine the etiology of their stroke, which is vital for planning their treatment and deciding on approaches for secondary preven tion. 222 While the stroke patient is hospitalized, steps should be taken to reduce the risk of peristroke complications such as cerebral edema, aspiration pneumonia, infection, myocardial infarction, and deep venous thrombosis (DVT). 21, [223] [224] [225] A multidisciplinary care pathway is very useful to ensure proper diagnostic and preventive measures are taken in all pa tients. 226 -229 Medical and surgical therapies should be initi-
Rehabilitation and Poststroke Care
Rehabilitation after a stroke is a key element for patients. There are 6 areas of focus for poststroke rehabilitation: (1) training for maximum recovery, (2) prevent and treat comor bid conditions, (3) enhance psychosocial coping, (4) promote integration into the community, (5) prevent recurrent strokes and other vascular events, and (6) enhance quality of life. 18 Rehabilitation of stroke survivors should begin as soon as possible. Published studies have demonstrated that organized multidisciplinary stroke rehabilitation reduces death, death or disability, and death or institutionalization (grade IA). 17,18,229,234 -239 Mobilization of the stroke survivor and resumption of selfcare activities should occur as soon as medically feasible. Rehabilitation may increase the stroke patient's quality of life and reduce the financial and physical burden on society (grade IA). 236, 240, 241 In addition to inpatient rehabilitation, outpatient rehabilitation programs can improve outcomes and prevent deterioration (grade IIB). 242 Rehabilitation services should be directed by a physician with board certification in physical medicine and rehabilita tion (ie, physiatrist) or by other properly trained individuals (ie, neurologist experienced in stroke rehabilitation or other physicians or PhDs with fellowship training in rehabilitation). All therapists, social workers, and nurse case managers must meet requirements for state licensure, and have :1 year of experience in the treatment of stroke survivors. The physical therapists, speech therapists, and social workers must com plete a master's degree, whereas the occupational therapists and nurse case managers must complete at least a bachelor's degree. The nurse case managers and social workers must have adequate knowledge of inpatient rehabilitation facilities and community resources in their geographic regions.
A CSC should have physical, occupational, and speech therapists on staff or readily available by consultation for patient assessment and therapy during the acute hospitaliza tion. Consults for physical medicine and rehabilitation, phys ical therapy, occupational therapy, and speech therapy should be requested and completed (when deemed medically neces sary) usually within 24 hours of admission so that medical and therapeutic evaluations may begin as soon as the stroke survivor is medically stable. If the CSC does not have inpatient rehabilitation facilities on site, they should have documented referral protocols and a working knowledge of nearby facilities.
Other important measures include steps to prevent and treat medical complications of stroke such as aspiration pneumo nia and other infections, cerebral edema/herniation, DVT, pressure sores, and contractures. 172, 223, 224 Poststroke care should include assessment and treatment (when possible) of cognitive decline, depression, and social implications of stroke. 225 These various therapies have been reviewed in other recent publications and are not reiterated here. 18 
Education
Educational programs are deemed a very important compo nent of a CSC. Such programs can be divided into profes-
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July 2005 sional and public efforts. For professional programs, it is recommended that the CSC staff prepare and present :2 educational courses per year aimed at health care profession als within or outside of the CSC. Public education is a vital component that can improve acute care by decreasing delay times for presentation (grade IA). 243, 244 Public education about stroke risk factors may also facilitate improved therapy (grade IIB). [245] [246] [247] Other public education programs related to vascular disease risk factors may also be useful, although results of randomized trials have been mixed. 248 -251 It is recommended that a CSC sponsor at least 2 public educational activities each year that focus on some aspect of stroke. These could include lectures, screen ing for stroke risk factors, health fairs, and similar events. Such events could be advertised and marketed to high-risk groups in such areas as those with a high minority population, areas with poor access to health care, and other underserved populations.
A fellowship in cerebrovascular disease accomplishes sev eral important goals, such as providing additional training and experience and preparing physicians for a career that focuses on cerebrovascular disease. The Accreditation Council for Graduate Medical Education (ACGME) has recently ap proved the formation of an officially recognized fellowship program in vascular neurology. A CSC does not need to have a fellowship program to provide excellent patient care. It is recommended that a CSC that chooses to offer a fellowship in cerebrovascular disease follow the guidelines of the ACGME and work closely with the American Academy of Neurology in developing a training curriculum.
Research
Research programs are an important component of academic medical centers, and some community hospitals are also becoming involved in clinical research trials. 252, 253 Past stud ies have documented that patients involved in clinical re search have better outcomes than patients not involved in such research (grade IIIC). 254 -257 However, a hospital can clearly provide excellent care as a CSC and not be involved in any research. Therefore, research is considered an optional component of a CSC.
Other
A stroke registry is an important element of a CSC. A stroke registry is a systematic collection of data that deals with stroke care, risk factors, outcomes, and related issues. 258 -262 Such a registry is important for tracking outcomes and defining areas in need of improvement and is included in the recommendations for a PSC. It is recommended that a CSC have a stroke registry or another similar data collection tool (grade IIIC). A pilot project for developing a national acute stroke registry is currently under way. 263 A stroke clinic could have a multidisciplinary faculty that would address several components of stroke care, including prevention, rehabilitation, medical complications, and social issues. It is recognized that some CSC facilities may not have the space for a multidisciplinary stroke clinic or that other logistical factors could limit the formation of such a clinic. In addition, such care could be provided in another clinic setting such as a multidisciplinary vascular clinic. For this reason, the stroke clinic is an optional component of a CSC.
An air ambulance is an important transportation option for some hospitals because of specific geographic considerations. In large cities, such a service may reduce transportation times because of high traffic volume on congested highways. In rural locations, an air ambulance may be a vital service offered by a CSC to transport acute stroke patients from outlying facilities. 264 Studies have shown that such a service can reduce treatment times for thrombolytic therapy in acute stroke (grade IIB). 212, 265 However, a CSC in some urban settings can certainly function well without such a service. Therefore, an air ambulance is an important but optional feature of a CSC, depending largely on local transportation, referral, and geographic factors.
Quality assurance and improvement are important pro cesses for maintaining and enhancing the quality of health care at any type of stroke center. 3 This is particularly true in a CSC, in which very ill patients with complex diseases are sometimes treated with potentially dangerous medications and procedures. Because of the serious consequences of stroke and its related complications, as well as the complexity of surgical and endovascular procedures performed at a CSC, it is essential that outcomes be monitored. A multidisciplinary institutional quality assurance committee should meet on a regular basis to monitor quality benchmarks and review complications. This committee should include members who participate in the care of stroke patients as well as others who are not participating directly in such care but could provide insight into overall patient care. The goal of this quality assurance program is quality improvement, correction of errors, and systems improvement.
In addition to monitoring the outcomes of procedures performed at a CSC, the quality assurance committee should also monitor the overall care of patients. A database or registry should be established that allows for tracking of parameters such as length of stay, treatments received, discharge destination and status, incidence of complications (such as aspiration pneumonia, urinary tract infection, and DVT), and discharge medications. Specific benchmarks and indicators should be set and reviewed on a regular basis (at least annually). There are several multi-institutional or na tional databases that can be used to establish appropriate benchmarks.
Discussion
The diagnosis and treatment of some patients with complex types of stroke or with severe deficits and multiorgan prob lems may require more resources and a higher intensity of care than is offered in many hospitals and in most PSCs. Such patients often require and may benefit from advanced diag nostic and treatment procedures directed by specialty-trained physicians and other health care professionals. A CSC would have the staffing, expertise, infrastructure, and programs to meet the needs of these patients and to serve as a resource to the PSCs in the region.
Many of the recommendations outlined above are meant to benefit the types of patients likely to be cared for in a CSC, namely those with hemorrhagic strokes, large ischemic Downloaded from http://stroke.ahajournals.org/ at NIH Library on July 15, 2015
Representation of how various facilities caring for stroke patients could be organized based on a hospital network or a defined geographic area. Patients can arrive at the various facili ties via direct admission or transfer between facilities. N indi cates nonstroke center facility.
strokes, strokes of unknown or unusual etiology, and patients with multisystem involvement. Unlike most of the recomvc mendations for a PSC, there is a relative paucity of data proving that some of the components of a CSC change outcomes. However, there are data to support the utility and advantages of most of our recommendations, particularly in the areas of neuroimaging and certain specialized therapeutic procedures. There are emerging data that support the efficacy of other interventions related to neurosurgery and endovas cular therapies. As these fields advance, we anticipate the publication of further studies that provide outcomes data for many of these interventions.
The costs for establishing and maintaining a CSC will vary depending on the existing staffing, infrastructure, and pro grams at a particular hospital. Several of the components of a CSC are quite costly, including an MRI scanner and an angiography suite, each of which can cost in excess of $1 million. Many hospitals that strive to be a CSC already have some of the equipment and infrastructure in place, which would reduce the costs considerably. The hiring of additional personnel (ie, endovascular interventionists and neurointen sivists) and having staff members on call would also increase the costs, perhaps by $200 000 to $300 000 or more each year. Some of these costs could be offset by hospital billing for some procedures and physician billing for professional services. At this time, data do not exist to project a meaning ful or accurate cost-benefit analysis for a CSC. Individual hospitals will have to develop business plans that consider the volume of stroke patients, payor mix, average costs and revenue per case, and future growth plans.
In the current health care environment, there continues to be growth of hospital networks and systems throughout the country. Within such a network or system, one approach to acute stroke care might be to designate some hospitals as PSCs and others as CSCs (Figure) . This approach would allow for patients, equipment, and expertise to be concen trated at specific hospitals rather than spread throughout the entire network. This is quite similar to the paradigm used for other complex diseases that require a multidisciplinary team approach such as trauma, cancer, severe burns, and organ transplantation. A recent review documented the effective- *Priority score is based on the respondent's opinion of how important the component is for a CSC. The range for each element was 1 to 5, with 1 being the least important and 5 being the most important.
IH indicates in-hospital.
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ness of the trauma center network for enhancing treatment and improving outcomes for patients with acute traumatic injuries. 266 Is there a specific number of hospitalized stroke patients needed to support the formation of a CSC? Without specific cost-benefit data for a CSC, it is difficult to define specific patient volumes. It might be possible to extrapolate from some of the studies cited above that correlate volumes with outcomes. For example, if a CSC must care for :20 patients per year with SAH, and SAH represents =10% of all stroke cases admitted to a CSC hospital (this number may be increased because of referral bias of very ill patients), then the number of annual stroke admissions should approximate 200. However, there will be significant heterogeneity based on the surrounding population, catchment area, regional resources, referral patterns, local competition, etc.
Medical knowledge and technology are advancing at a rapid rate in many areas. BAC appreciates the fact that new techniques will become available for diagnostic studies, and new approaches will be developed for systemic and endovas cular therapies of stroke. These recommendations are meant to be flexible and modifiable as new diagnostic and thera peutic options become available.
In summary, BAC has developed recommendations for CSCs and systems that will serve to guide the development of such centers and ensure that patients with cerebrovascular disease receive timely and effective care. We are hopeful that these recommendations will also assist hospitals and referral networks of PSCs and CSCs so that stroke patients receive care and resources that are most appropriate for their clinical condition. As new data become available, it will be important to modify these recommendations to reflect best practices and current guidelines.
Basic Stroke Care: Still Not Fully Established
The previous report of the BAC 2 detailed 11 key elements of a primary stroke center to improve patient care and outcomes. Recommendations included acute stroke teams, stroke units, written care protocols, and an integrated emergency response system. A major impetus for the recommendation was clearly to establish the infrastructure and logistics to permit broad implementation of intravenous tissue plasminogen activator therapy within the 3-hour window according to the criteria of the NINDS trial. A survey showed that in 2001, emergency services for acute stroke therapy were in place at the majority of hospitals, 3 and the situation has further improved later on.
However, and somewhat surprisingly from a non-US perspective, establishment of stroke units was given less emphasis in the BAC recommendations. Stroke units were not considered to be required for primary stroke centers that did not intend to provide care beyond the hyperacute period (ie, longer than the emergency department evaluation and emergency therapy), and stroke units did not need to be distinct hospital wards or units. In contrast, acute stroke teams, which lack scientific support for efficacy, were in cluded among the key elements. The hospital survey 3 showed that stroke units (and continuing staff education-an integral component of a stroke unit) were established at only 38% of the hospitals. A recent report provided a much more positive result (stroke units at 85% of hospitals), but only data from 34 academic centers participating in a quality improvement project were included in this study. 4 Similar problems in translating knowledge into practice are presents in almost all other regions and countries worldwide. In the registry of the Canadian Stroke Network 31% received care on a stroke unit. 5 The proportion was also low (23%) in an Australian stroke audit. 6 In Europe, the 1995 Helsingborg declaration, prepared by World Health Organization Europe and the European Stroke Council in collaboration with 4 other professional societies, strongly emphasized the need to establish stroke units with acute admissions and set the target that organized stroke care should be available for all patients in the year 2005. 7 However, this development is still in progress and the target has not been met. In most European countries, stroke unit care is available for half of all patients or less and is unevenly distributed. 8 Only in Scandinavia has the proportion gradually increased to =75%. In most Euro pean countries, the elements of comprehensive stroke unit care outlined by the Stroke Unit Trialists' collaboration 9, 10 have been adopted and include assessment and monitoring, physiological management, early mobilization, skilled nurs ing care, and short-term multidisciplinary team rehabilitation services. At most centers, intravenous tissue plasminogen activator is given in such a unit. Thus, acute thrombolytic therapy is an integral part of the activities of a stroke unit, closely linked to prehospital and emergency services.
Clearly, the emphasis on various aspects of organized stroke care differs between regions, countries, and continents, which may reflect traditions as well as variations in health care systems. Intravenous tissue plasminogen activator ther apy and stroke unit care are both top priorities in modern stroke management. However, we should not forget that because stroke unit care is applicable to all patients with stroke, the overall impact of this therapy is several-fold larger than that of intravenous tissue plasminogen activator therapy, for which patient selection criteria apply. 11
Comprehensive Stroke Care
A proportion of stroke patients need more specialized therapy than what could be provided by a primary stroke center or nonintensive care stroke unit. The BAC defines a compre hensive stroke center (CSC) as a facility for stroke patients who require high-intensity medical and surgical care, special ized tests, and interventional therapies. The report reviews the scientific background and delineates the personnel expertise, advanced neuroimaging capabilities, surgical and endovascu lar techniques, and infrastructure at a CSC. 1 There is clear consensus that intensive care facilities are needed for a proportion of patients with stroke, eg, those patients who require intubation, ventilatory support, and intracranial pressure (ICP) monitoring. There is also strong scientific support (level 1 evidence) for surgical and endo vascular therapy of intracranial aneurysms. However, the precise application of several other advanced therapies re viewed still remains to be established because of paucity of data from randomized controlled trials. Endovascular inter ventions for acute arterial occlusions intracranially (intra-ar terial thrombolysis, clot removal, angioplasty), decompres sive craniectomy for malignant middle cerebral artery infarction, extracranial carotid angioplasty and stenting, and microsurgical procedures for large-vessel occlusive disease belong to this group of treatments for which level I evidence permitting a grade A recommendation are still not available. Such procedures are today performed at many centers on an individual patient basis, but further studies are needed before their widespread use can be endorsed. The BAC recommen dations adequately emphasize that, if performed, they should be performed by physicians who have the necessary skill and expertise. CSC also have an important role in contributing to systematic collection of data on such procedures and to provide the framework for performing randomized controlled trials and contribute to high-quality research. Quality control and stroke registers are also rightly emphasized as important elements at a CSC.
Comprehensive stroke centers also have an important role to act as an expertise resource and to provide education for other stroke facilities in the region. Establishment of partner ships between medical centers is necessary to provide best possible care and may include, eg, telemedicine service. Public education is another important activity. Even very recently published data show that more than two-thirds or more of all patients with stroke cannot even be considered for intravenous thrombolytic therapy within a 3-hour window because of patient delays in seeking emergency care. 12 Changing the patients' behavior in the event of acute sus pected stroke remains a major challenge.
Most Patients Are Not Cured by Acute Stroke Therapies
For almost all patients with stroke, even those with a mild one, 13 the event represents a major change in life. Although much attention has been given to management issues in the
